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http://www.biomedcentral.com/1471-2288/13/82RESEARCH ARTICLE Open AccessProton pump inhibitors and the risk of pneumonia:
a comparison of cohort and self-controlled case
series designs
Emmae N Ramsay1,2*, Nicole L Pratt2, Philip Ryan1 and Elizabeth E Roughead2Abstract
Background: To compare the results of a new-user cohort study design and the self-controlled case series (SCCS)
design using the risk of hospitalisation for pneumonia in those dispensed proton pump inhibitors compared to
those unexposed as a case study.
Methods: The Australian Government Department of Veterans’ Affairs administrative claims database was used.
Exposure to proton pump inhibitors and hospitalisations for pneumonia were identified over a 4 year study period
01 Jul 2007 -30 Jun 2011. The same inclusion and exclusion criteria were applied to both studies, however, the
SCCS study included subjects with a least one hospitalisation for pneumonia.
Results: There were 105,467 subjects included in the cohort study and 6775 in the SCCS. Both studies showed an
increased risk of hospitalisations for pneumonia in the three defined risk periods following initiation of proton
pump inhibitors compared to baseline. With the highest risk in the first 1 to 7 days (Cohort RR, 3.24; 95% CI (2.50, 4.19):
SCCS: RR, 3.07; 95% CI (2.69, 3.50)).
Conclusions: This study has shown that the self-controlled case series method produces similar risk estimates to a
new-users cohort study design when applied to the association of proton pump inhibitors and pneumonia. Exposure
to a proton pump inhibitor increases the likelihood of being admitted to hospital for pneumonia, with the risk highest
in the first week of treatment.Background
Observational studies provide important information
about the safety and effectiveness of medicines. How-
ever, these designs are often criticised due to a lack of
control for unmeasured confounding. These problems
are amplified when administrative databases are used,
since data were not collected for purposes of research
and potentially important clinical and patient demo-
graphic data are often absent.
Case-only designs [1] have been suggested as an alterna-
tive to more traditional observational studies such as the
case–control and the cohort study as they have the poten-
tial to control for fixed patient specific confounders even* Correspondence: emmae.ramsay@unisa.edu.au
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reproduction in any medium, provided the orthose that are unmeasured. One such design is the self-
controlled case series [2,3], which minimises confounding
by means of its within-subject design, meaning that the
patient is used as their own control [2,3]. A cohort study
compares patients who were exposed to patients who
were not exposed, whereby all confounding needs to be
controlled for numerically, however the self-controlled
case series compares the number of events in periods of
exposure with the number of events in periods of
non-exposure in the same person. The self-controlled case
series design controls implicitly for fixed known and
unknown confounders that do not vary over time, such as
genetic and socio-economic factors, while time varying
confounders can be adjusted within the model [2,3]. An
advantage of the self-controlled case series design is that it
requires only those individuals who have had the event of
interest which results in reduced computational time.
The self-controlled case series method was developed
to study adverse events associated with vaccines wherel Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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acute. It has been compared previously to the cohort
study design to evaluate vaccine safety [4]. This method
originates from cohort logic and the emphasis like a co-
hort study is on the relative incidence or relative hazard
of an event [2]. The method has not been widely applied
in pharmacoepidemiological research to study acute ef-
fects of transient medicine exposures and there has been
only limited research to compare the findings of the
self-controlled case series with cohort study designs in
the field of pharmacoepidemiology [5].
In this study we aimed to compare the two study de-
signs using the example of the association between proton
pump inhibitors and community acquired pneumonia.
This example was chosen because the outcome, pneumo-
nia, is acute [6-8] and is at its highest risk within 7 days of
initiation of a proton-pump inhibitor [6]. Further, expos-
ure to proton pump inhibitors is often transient, but may
be chronic. Previous work conducted in the database used
for the present study found that 32% of new users of pro-
ton pump inhibitors had discontinued by 8 weeks, while
62% had discontinued within 12 months [9]. Treatment
duration was found to be longer for those initiated in hos-
pital (195 days) than those initiated by a GP (124 days)
[9]. The study identified that there was a mix of long and
short term use suggestive of the treatment nature of pro-
ton pump inhibitors. The objective of this study was to
compare the results of a new-user cohort study design
and the self-controlled case series design using the risk of
hospitalization for pneumonia in those dispensed proton
pump inhibitors as a case-study.
Methods
The data source for this study was the Australian Depart-
ment of Veterans’ Affairs (DVA) administrative claims
databases. DVA claims data contain records of pres-
cription medicines dispensed under the Pharmaceutical
Benefits Scheme and Repatriation Pharmaceutical Benefits
Scheme, medical and allied health services and hospital
admissions provided to subjects for whom DVA pays
a subsidy. The treatment population is approximately
310,000 subjects, and there are approximately 100 million
pharmacy records, 200 million medical and allied health
service records and over 6 million hospital admission re-
cords. A client file is maintained by DVA which includes
data on gender, date of birth, date of death and family
status. We undertook two study designs using the same
populations and study inclusion and exclusion criteria.
The study period was the 1st July 2007 to the 30th June
2011. In both studies eligible subjects were those 65 years
of age or over at the 1st July 2007, who had a least one
medication prescribed in the 6 months prior to entry into
the cohort and who were eligible for all health services
subsidised by DVA. Entry into both studies was the 1st July2007. Subjects were excluded if they had been prescribed
a proton pump inhibitor in the 12 months prior to the
study start or a histamine 2 receptor antagonist (H2RA) in
the six months prior to or during the study. The reason
for excluding H2RA is because we were interested in the
more potent medicine, proton pump inhibitors and in-
cluding H2RAs could have diluted the effect if it exists
with proton pump inhibitors.
For both studies, exposure was determined by identifying
prescription data on proton pump inhibitors (omeprazole,
pantoprazole, lansoprazole, rabeprazole, esomeprazole) and
the outcome of interest was a primary diagnosis of pneu-
monia (ICD-10: J12, J13, J14, J15, J16, J17, J18) during the
study period.
Dosage information was not available in the data set
so duration of proton pump inhibitor use was defined as
the period within which 75% of subjects returned for a
repeat dispensing of the medicine. This was calculated
using the entire database as 36 days. This is consistent
with the standard package size of proton pump inhibi-
tors of 28–30 tablets, taken once daily. Exposure to pro-
ton pump inhibitors was defined as the date from when
a prescription was dispensed plus 72 days (1 duration
interval of 36 days plus a grace period of 36 days). Any
person-time in the study prior to a subject’s first pre-
scription was considered unexposed time. Subjects with
no record of dispensing of a proton pump inhibitor for
more than 72 days after their last dispensing were con-
sidered unexposed to a proton pump inhibitor from
72 days after their last dispensing. This was to allow for
possible non-compliance and stock piling of medicine.
Therefore, for both studies exposure to a proton pump
inhibitor is a time dependent variable. Inclusion of unex-
posed time prior to proton pump inhibitors initiation
helps to prevent immortal time bias being a factor in
this study design [10].
For both studies, the time after initiation of a proton
pump inhibitor was stratified into a priori risk periods: 1
to 7 days, 8 to 30 days and greater than 30 days. The
actual day of initiation was excluded from the analysis
because in cases where the pneumonia hospitalisation
occurred on the same day it was not possible to deter-
mine which occurred first.
For the cohort study, eligible subjects were followed
until death, pneumonia hospitalization or study end (30
June 2011). The numbers of hospitalisations for pneu-
monia during exposed and non-exposed times were de-
termined. Individuals could be unexposed for the whole
study or they could have unexposed periods before and
after exposure to a proton pump inhibitor. Hospitalisa-
tion rates were calculated as the cumulative number of
hospitalisations in each period divided by the number of
days at risk. Rate Ratios were calculated using Poisson
generalised estimating equations (GEE) to allow for
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for both fixed and time-varying confounders. Fixed
confounders were assessed at study entry; including age,
gender, socioeconomic index of disadvantage for area of
residence [11]. The following time-varying confounders
were determined annually; number of co-morbidities
(using the validated Rx-Risk-V [12] score), number of
prescriptions, number of prescribers, number of phar-
macies and number of occupational therapy visits and
speech pathology services. The remaining time-varying
confounders changed as the season changed (season),
when subjects entered aged care (residential aged-care
status) and when they had their first script of tiotropium
as a proxy indicator of chronic obstructive pulmonary
disease (COPD), and first concurrent use of angiotensin
renin system medicines with frusemide as a proxy indi-
cator of those with heart failure. All the above con-
founders were included in the model and the decision to
include them was based on clinical knowledge.
For the self-controlled case series study, eligible subjects
were all subjects who had a hospitalisation with a primary
diagnosis of pneumonia during the study period between
1st January 2007 and 30th June 2011. These are the same
subjects who were identified in the cohort study as having
a hospitalisation for pneumonia. Exposure to proton
pump inhibitors was calculated and time partitioned into
unexposed time and pre and post exposure times. Subjects
with a pneumonia hospitalisation but with no record of
being prescribed a proton pump inhibitor were included
to adjust for the change in the underlying hospitalisation
rate associated with age [2]. In addition to the post-
exposure risk periods, two consecutive 30 day (1–30,
31–60 days) and a 60 day (61–120 days) pre-exposure risk
















Figure 1 A graphical representation of the self-controlled case-series
(b) unexposed to a proton pump inhibitor.initiation; to allow for time periods where proton pump
inhibitors may have been initiated as a result of hospital-
isation. The consequence of not partitioning this prior ex-
posure would be an increase in the rate of pneumonia
hospitalisations in the unexposed period. This would
cause a bias towards the null in the exposed resulting in a
decrease in the rate ratios in the post exposure periods.
All residual time before and after exposure was considered
unexposed and used for the baseline comparison. In each
risk period, the cumulative number of hospitalisations was
divided by the person-years at risk and these were com-
pared to the risk in the baseline period (Figure 1). If a sub-
ject was re-hospitalised within 30 days, the subsequent
hospitalisation(s) were excluded as they were considered
to be related and part of the same episode [2]. Rate ratios
were calculated using conditional Poisson regression, with
results presented as adjusted rate ratios and 95% con-
fidence intervals. We also performed two sensitivity
analyses for the self-controlled case series 1) adjusted for
the same time-varying confounders as the cohort study,
2) analysis restricted to patients alive at hospital discharge.
The self-controlled case series design controls implicitly
for fixed covariates [2,3], however, all SCCS analyses were
adjusted for time-varying age and study year. All analyses
were performed using SAS version 9.12 (SAS Institute,
Cary, NC). This research has ethics approval from the
Department of Veteran Affairs human research committee




The final cohort consisted of 105,467 subjects, of whom













design for patients (a) exposed to a proton pump inhibitor
Table 1 Demographics of the Cohort and SCCS studies
Cohort study SCCS
(N = 105,467) (N = 6775)
Exposed (N (%)) 32247 (30.6%) 2839 (41.9%)
Age (median (range)) 83 (80 – 86) 84 (82 – 87)
Male gender 54296 (51.5%) 4189 (61.8%)
Patients with at least one pneumonia hospitalisation 6775 (6.4%) 6775 (100%)
Entered residential aged care facility 11852 (11.2) 786 (11.6)
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during the study (Table 1).
The adjusted risk estimates were significant for all post-
exposure risk periods (Table 2). The risk of hospitalisation
for pneumonia was 3.2 times higher in the first 1 to 7 days
after initiation of PPIs compared to unexposed patients.
The risk of pneumonia was reduced with more than
30 days continuous treatment but remained significantly
higher than unexposed (RR = 1.55 95% CI 1.44,1.67).
Self-controlled case series
There were 6775 subjects who had at least one hospital-
isation for pneumonia during the study period, with 2839
(41.9%) initiated on a proton pump inhibitor. In this study,
61.8% of participants were male and 11.6% entered a resi-
dential aged-care facility during the study (Table 1).
There was an increased risk of hospitalisations for
pneumonia in the three risk periods following initiation
of proton pump inhibitors compared to the baseline
period. In both 30 day pre-exposure risk periods there
was a statistically significant increased risk of having a
hospitalisation for pneumonia compared to the baseline
period, however there was no significant risk of hospital-
isation 61–120 days prior to a PPI (Table 3).
Discussion
This study has shown that using two different study de-
signs, the self-controlled case series and the cohort, that
there was an increased risk of hospitalisation for pneumo-
nia after being prescribed a proton pump inhibitor. The
self-controlled case series design encourages stratificationTable 2 Exposure to proton pump inhibitors and risk of hosp
Risk periods Number of hospitalizations for pneumonia Person
Baseline unexposed to a proton pump inhibitor
Unexposed 5598 3




*Adjusted for age at entry into the cohort, gender, socioeconomic index of disadva
(assessed annually using the validated Rx-Risk-V [12] score), season, residential aged
pulmonary disease (COPD), use of angiotensin renin system medicines concurrent w
prescriptions, number of prescribers, number of pharmacies, occupational therapy vof the exposure time. This is not usual in cohort studies
but was undertaken in this study to compare the rate
ratios between studies. The stratification allows for the
assessment of the risk of pneumonia, at various a priori
points in time. This leads to a more detailed understand-
ing of the temporal association between the medicine of
interest and the outcome. The rate ratios after continu-
ously taking a proton pump inhibitor for greater than
30 days were similar for both studies (cohort: RR 1.55;
95% CI (1.44, 1.67): SCCS: RR 1.66; 95% CI (1.56, 1.76)).
Our findings are higher than those observed in a meta-
analysis that identified randomised clinical trials and ob-
servational studies that evaluated the association between
acid-suppressive drugs and the risk of pneumonia [8]. The
meta-analysis of observational studies reported an overall
odds ratio of 1.27 (95% CI (1.11, 1.46)) and for the out-
come of community acquired pneumonia a odds ratio of
1.34 (95% CI (1.14 -1.57)) [8]. The meta-analysis of the
randomised clinical trials found an overall relative risk of
1.22 (95% CI (1.01, 1.48)) [8]. Regardless of the study de-
sign utilised, after initiation of proton pump inhibitors the
risk of hospitalisation for pneumonia was highest in the
first 7 days after initiation. These findings are also consist-
ent with those observed in the meta-analysis of observa-
tional studies [8] which found a strong association within
the first six days post therapy initiation (OR 3.95; 95% CI
(2.86, 5.45)) [8].
As with any statistical method the self-controlled case
series method has key assumptions that must be met
[2,3]. The first assumption states that recurrent outcome
events must be independent, that is, the occurrence ofitalisation for pneumonia; cohort study adjusted analysis
-years Unadjusted rate ratios Adjusted* rate ratios (95% CI)
46016 1.00 1.00
1043 3.50 (2.71 – 4.52) 3.24 (2.50 – 4.19)
3344 2.18 (1.82 – 2.62) 2.02 (1.68 – 2.42)
33449 1.83 (1.71 – 1.96) 1.55 (1.44 – 1.67)
ntage for area of residence [11] at study entry, number of co-morbidities
-care status, use of tiotropium as a proxy indicator of chronic obstructive
ith frusemide as a proxy indicator of those with heart failure, number of
isits and speech pathology services.
Table 3 Exposure to proton pump inhibitors and risk of hospitalisation for pneumonia; self- controlled case-series
adjusted analysis
Risk periods Number of hospitalizations for pneumonia Person-years Adjusted* rate ratios (95% CI) Adjusted** rate ratios (95% CI)
Baseline unexposed to a proton pump inhibitor
Unexposed 5544 18632 1.0 1.0
Pre-exposure to a proton pump inhibitor
Pre 1–30 days 476 383 5.24 (4.94 – 5.57) 5.17 (4.86 – 5.49)
Pre 31–60 days 166 353 2.02 (1.85 – 2.20) 2.00 (1.83 – 2.18)
Pre 61–120 days 148 589 1.09 (0.99 – 1.19) 1.07 (0.98 – 1.17)
Post-exposure to proton pump inhibitors
1–7 days 69 90 3.22 (2.83 – 3.66) 3.07 (2.69 – 3.50)
8–30 days 135 287 2.01 (1.82 – 2.21) 2.00 (1.82 – 2.20)
>30 days 1131 2978 1.67 (1.58 – 1.77) 1.66 (1.56 – 1.76)
* Adjusted for time-varying age and study year only.
**Adjusted for time-varying age, study year, number of co-morbidities (assessed annually using the validated Rx-Risk-V [12] score), season, residential aged-care
status, use of tiotropium as a proxy indicator of chronic obstructive pulmonary disease (COPD), use of angiotensin renin system medicines concurrent with
frusemide as a proxy indicator of those with heart failure, number of prescriptions, number of prescribers, number of pharmacies, occupational therapy visits and
speech pathology services.
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event occurring [2,3]. For some hospitalisations, once a
person has experienced that hospitalisation their short-
term risk of another occurrence may be increased. There-
fore, hospitalisations may cluster within independent
episodes. In this study, we included only the first hospital-
isation of each episode to ensure the independence of
outcome events [2]. The second assumption of the SCCS
method is that the occurrence of an outcome event must
not alter the probability of subsequent exposures [2,3].
We found a significantly increased risk of a pneumonia
hospitalisation prior to proton pump inhibitor exposure in
the self-controlled case series design. This may be due to
physicians routinely prescribing proton pump inhibitors
to patients once they enter hospital. Other studies have
identified that a large number of patients initiate these
medicines in hospital [13,14]. To account for this weTable 4 Sensitivity analysis: exposure to PPIs and risk of hosp
adjusted analysis in patients alive at discharge
Risk periods Number of hospitalizations for pneumonia
Baseline unexposed to a proton pump inhibitor
Unexposed 4680
Pre-exposure to a proton pump inhibitor
Pre 1–30 days 438
Pre 31–60 days 161
Pre 61–120 days 141




* Adjusted for time-varying age and study year only.partitioned person-time prior to exposure into separate
risk periods. Results show that in the 1–30 days prior to
proton pump inhibitor initiation there is over a five times
greater risk of hospitalisations for pneumonia than in
other non-exposure periods. The risk of hospitalisation is
still high 60–31 days before proton pump inhibitors
suggesting that initiation after hospital discharge of pneu-
monia by a GP is still high. However, the risk of hospita-
lisation had returned to base line after 60 days before PPI
initiation. The final assumption is that the occurrence of
the event of interest must not censor or affect the obser-
vation period [2,3]. While in some cases patients died as a
direct result of the pneumonia admission, the majority
(87%) of patients in this study were discharged alive from
their hospital admission for pneumonia, meaning this
assumption is likely to have been met in this study.
Farrington et al [15], have shown that this method may beitalisation for pneumonia; self- controlled case-series
Person-years Adjusted* rate ratios (95% CI)
16676 1.0
347 5.71 (5.37 – 6.07)
319 2.30 (2.11 – 2.51)
530 1.21 (1.11 – 1.33)
81 2.87 (2.49 – 3.32)
262 1.95 (1.76 – 2.16)
2786 1.55 (1.46 – 1.65)
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sitivity analysis restricted to patients discharged alive from
hospital showed that risk estimates in the exposed periods
changed only marginally (Table 4). As this may not be the
case for all studies, it may be more appropriate to apply
one of the two alternative methods that Farrington et al
[16,17], have developed.
The cohort and self-controlled case series study pro-
duced comparable relative risk estimates and therefore
we are able to draw similar conclusion about the safety
of proton pump inhibitors. Bias can be introduced in a
cohort study through lack of data on confounders and it
can be difficult to deal with the important differences
between patients who were and were not prescribed the
medicine of interest. The self-controlled case series
method, however, may overcome this problem as expos-
ure time is compared to unexposed time in the same pa-
tient thereby controlling implicitly for fixed confounders
[3,15]. Our sensitivity analyses showed that adjusting for
potential time-varying confounders made little difference
to the risk estimates in the self-controlled case series
design. Two previous studies with similar endpoints
demonstrated that the odds ratio did not change after
adjustment for these factors [18,19]. The ability of the
self-controlled case series method to control for con-
founding both measured and unmeasured will be of
particular practical value in pharmacoepidemiology.
One of the limitations of this study is potential missing
data on over the counter proton pump inhibitors medi-
cines and some in-hospital dispensing’s. The pharmacy
database utilised in this study contains information on all
prescriptions dispensed in private hospitals, public hos-
pital outpatient visits but not for those that were
dispensed during a public hospital admission. Data is not
collected on over the counter proton pump inhibitors;
however the over the counter purchase price is more than
double the patient co-payment for prescription medicines
and the quantity supplied is half the prescription quantity.
Conclusions
This study shows that the self-controlled case series
method and new-user cohort study design produce similar
results. The cohort method was implemented adjusting
for multiple confounders and the self-controlled case-
series relied solely on its design to adjust for fixed con-
founders and on the inclusion of the non-exposed group
to adjust for time varying factors such as age. These find-
ings suggest that the results of the self-controlled case-
series design may be relied upon to investigate the safety
of medicines for which limited clinical trial data exist.
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